The pattern of atrial fibrillation (AF) occurrence-paroxysmal, persistent, or permanent-is associated with progressive stages of atrial dysfunction and structural changes and may therefore be associated with progressively higher stroke risk. However, previous studies have not consistently shown AF pattern to predict stroke but have been hampered by methodological shortcomings of low power, variable event ascertainment, and variable anticoagulant use.
Introduction
Atrial fibrillation (AF) is a common cardiac arrhythmia and patients with AF are at an increased risk of cardioembolic stroke. Anticoagulation with INR-adjusted warfarin 1 or with non-VKA oral anticoagulants (NOACs) such as dabigatran, rivaroxaban, apixaban, and edoxaban is highly effective in reducing the risk of stroke, but is associated with an increased risk of bleeding. 1, 2 Although the NOACs offer a more favourable safety profile than warfarin, the bleeding risk is not negligible, and the potential benefit of anticoagulant therapy still needs to be balanced against this risk. Therefore, the decision on whether and how to treat individual patients should be based on the predicted absolute risk of stroke in the absence of anticoagulation, and the predicted risk of bleeding with a specific anticoagulant. Studies in non-anticoagulated AF patients have identified several clinical characteristics predictive of stroke, such as age, sex, previous stroke, hypertension, heart failure, diabetes mellitus, and peripheral arterial disease. 3 -9 Clinical risk factors have been combined into risk scores to allow a more convenient evaluation of stroke risk, 3 -7 and guidelines recommend their use to guide the decision on whether or not to anticoagulate a patient. 10 Atrial fibrillation has been classified according to its pattern of occurrence; permanently or intermittently, however, the terminology has not always been consistent. Recent guidelines have proposed a consensus definition for the classification of the temporal occurrence of AF: paroxysmal AF episodes are self-limiting and shorter than 1 week, episodes lasting longer than 7 days are referred to as persistent, and permanent AF refers to AF without any intercurring sinus rhythm. 10 Previous studies of the relation between AF pattern of occurrence and the risk of stroke have yielded conflicting results. 11 -25 Although some recent trials have reported higher stroke rates in patients with permanent compared with paroxysmal AF, 11, 13, 15, 17, 23 other studies did not report a significant difference. 12,14,16,18 -22,24 -27 Current guidelines recommend that the pattern of AF should not influence the decision on whether or not to treat patients with anticoagulants. 10 The available data comparing stroke risk in patients with paroxysmal and permanent AF are limited by methodological issues, such as a small sample sizes with limited number of events, 11, 12, 19, 25 or differential use of anticoagulation in patients with paroxysmal AF compared with permanent AF. 18, 20, 24 In many cohort studies, event ascertainment is likely to be incomplete and verification is poor, with lumping of ischaemic and haemorrhagic stroke and poor discrimination of systemic embolism. In order to further investigate whether the pattern of AF is associated with the risk of stroke, we have pooled the data on aspirintreated patients from the ACTIVE-A and AVERROES study. The pattern of AF in this large group of non-anticoagulated patients was defined according to recent guidelines as well as by objective baseline ECG criteria, and all events were rigorously detected and adjudicated.
Methods

Patient selection
We pooled the data on aspirin-treated patients from ACTIVE-A and AVERROES. The patient selection criteria for these trials have been published previously. 28, 29 In short, ACTIVE-A was a double-blind, randomized, multi-centre placebo-controlled trial comparing clopidogrel 75 mg with placebo on top of low-dose aspirin in patients with AF and at least one clinical risk factor for stroke, and who had a contraindication for oral anticoagulation. AVERROES was a double-blind, double-dummy randomized, multi-centre placebo-controlled trial comparing apixaban 5 mg twice daily with aspirin 81 -324 mg once daily in patients with AF and at least one clinical risk factor for stroke, and who were deemed unsuitable for vitamin K antagonists. Documentation of AF required either AF on baseline ECG, or at least one (AVERROES) or two (ACTIVE-A) episodes of AF in the 6 months prior to randomization, by ECG, rhythm strip, or at least 30 min of pacemaker-detected AF. In addition, patients were eligible for AVER-ROES if they had at least one of the following risk factors: prior stroke or TIA; age ≥75 years; arterial hypertension on treatment; diabetes mellitus; heart failure (New York Heart Association class ≥2 at time of enrolment or left ventricular ejection fraction ≤35% documented within 6 m of enrolment); or documented peripheral arterial disease. Patients were eligible for ACTIVE-A if they had any of the following risk factors: age of 75 years or older; treatment for hypertension; history of stroke, transient ischaemic attack, or non-central nervous system systemic embolism; left ventricular ejection fraction of less than 45%; peripheral vascular disease; or age of 55 -74 years plus either diabetes mellitus or coronary artery disease.
Definitions Pattern of atrial fibrillation occurrence
Investigators characterized patients as having one of the following AF patterns: paroxysmal, persistent, or permanent. We also characterized patients into two groups according to their baseline ECG: those with sinus rhythm on ECG and those with all other rhythms than sinus rhythm, including AF, atrial flutter, atrial and ventricular paced rhythm, ventricular paced, atrial paced, and other (denoted by AF/FL/other in tables and figures).
Clinical events
In both ACTIVE-A and AVERROES, there were systematic procedures in place to identify all potential stroke and systemic embolic events; and all reported outcome events were rigorously adjudicated by experts. All strokes were classified as ischaemic or haemorrhagic, or unspecified (not classified as definitely ischaemic or haemorrhagic). The outcome of interest for the current analysis was the composite outcome of ischaemic or unspecified stroke or systemic embolism.
Statistical analyses
Analyses were conducted according to the intention-to-treat principle. All patients randomized to aspirin in ACTIVE-A and AVERROES trials were included in the analysis. The outcome events were observed from the randomization until either study end or loss to follow-up or death. The outcome variable was the time to the first occurrence of either ischaemic or unspecified stroke or systemic embolism. Annual event rates (% per year) were calculated as number of first events per 100 patient-years of follow-up. Kaplan-Meier cumulative hazard rates were plotted according to clinical presentation of AF (paroxysmal, persistent, permanent) and baseline ECG assessment of sinus or non-sinus (AF/FL/other) rhythms.
Baseline characteristics of patients with paroxysmal, persistent, or permanent AF, and patients with baseline ECG showing sinus rhythm or AF/ FL/other were summarized as mean + SD for continuous variables and frequencies and percentages for categorical variables, and were compared using Pearson Chi-square tests for categorical variables and Kruskal -Wallis tests for continuous variables. Cox proportional hazards regression models stratified by trial were used to assess the effects of permanent vs. paroxysmal/persistent and permanent/persistent vs. paroxysmal AF on the risk of ischaemic or unspecified stroke or systemic embolism in subgroups of baseline characteristics and CHA 2-DS 2 -VASc score categories of 0 -1, 2 -3, and ≥4. Significance of the interactions between the AF pattern and the baseline characteristics and CHA 2 DS 2 -VASc score were tested using Cox modes fitted to all patients. Similar subgroup analyses and tests of interaction were carried out for AF/FL/other vs. sinus rhythm.
Univariate and multivariable Cox proportional hazards regression models were used to assess an independent effect of the AF pattern defined based on AF pattern (paroxysmal, persistent, permanent) or based on baseline ECG assessment (sinus rhythm, AF/FL/other) on the risk of ischaemic or unspecified stroke or systemic embolism, unadjusted and adjusted for (i) age ≥75 years, sex, prior stroke or TIA, hypertension, diabetes, heart failure, and peripheral arterial disease; (ii) CHA 2 DS 2 -VASc score (0 -1, 2 -3, ≥4). Analyses were performed using SAS software, version 9.2 of the SAS System for SunOS (SAS Institute Inc., Cary, NC, USA). All tests of significance were two-sided. Significance was established at the 5% level.
Results
Baseline characteristics
A total of 6573 patients were treated with aspirin alone in the combined data sets of ACTIVE-A (N ¼ 3782) and AVERROES (N ¼ 2791) patients. Atrial fibrillation pattern at baseline was paroxysmal in 1576 (24%), persistent in 1136 (17%), and permanent in 3854 (59%) patients. Baseline ECG showed sinus rhythm in 1539 patients (23%) and AF/flutter/other in 5024 patients (77%). Mean age was slightly higher in patients with permanent AF compared with paroxysmal AF. Paroxysmal AF patients were more likely to be female than permanent AF patients (47.7 vs. 39.8%), and fewer patients with paroxysmal AF had a history of stroke or TIA (9.6 and 16.2%, respectively), or of heart failure (25.4 and 40.3%, respectively). Overall, this resulted in a mean CHA 2 DS 2 -VASc score of 3.1 + 1.4 for patients with paroxysmal AF, compared with 3.6 + 1.5 for patients with permanent AF. Patients with persistent AF had a similar mean CHA 2-DS 2 -VASc score as patients with paroxysmal AF ( Table 1) . Baseline medication use was also different among patients with paroxysmal, persistent, and permanent AF, with higher use of beta-blockers, amiodarone, and statins in patients with paroxysmal AF, and higher use of digoxin in patients with permanent AF ( Table 1) .
On average, baseline characteristics of patients with sinus rhythm on baseline ECG were comparable with those of patients subjectively categorized as paroxysmal AF, and baseline characteristics of patients with AF/flutter/other rhythm on baseline ECG were comparable with those of patients with permanent AF ( Table 1) .
Classification of atrial fibrillation
When assessed by rhythm on the baseline ECG, patients with sinus rhythm at baseline were classified as having paroxysmal AF in 1075 (70.1%), persistent AF in 438 (28.5%), and permanent AF in 21 (1.4%) patients. Just over two-thirds of patients with non-sinus rhythm at baseline were classified as having permanent AF (3829, 72.6%) (see Supplementary material online, Table S1 ).
Risk of embolic events
The rate of embolic events (ischaemic or unspecified stroke or systemic embolism) was 2.1%/year in patients with paroxysmal AF, 3.0%/year in patients with persistent AF, 4.2% in patients with permanent AF, resulting in a hazard ratio (HR) for non-paroxysmal vs. paroxysmal of 1.91 [95% confidence interval (CI) 1.50-2.43; P , 0.001] ( Table 2 ). This trend of increase in risk of embolic events with progression from paroxysmal to persistent to permanent AF pattern was highly consistent in all subgroups of the individual risk factors. Furthermore, outcome rates were higher in patients with permanent and persistent AF compared with patients with paroxysmal AF within each CHA 2 the pattern of AF ( Table 2) . Similar results were found when AF pattern was defined based on baseline ECG, with a two-fold increase in outcome rates in patients with non-sinus rhythm (4.0%/year) compared with those with sinus rhythm at baseline (1.9%/year, HR 2.06, P , 0.001) (see Supplementary material online, Table S2 ). Plots of the cumulative hazard rates show a separation of the curves from the start for different AF patterns, either investigator-defined or by baseline ECG assessment (Figures 1 and 2) .
In a univariate analysis of baseline risk factors associated with stroke and systemic embolism, baseline ECG, age ≥75 years, sex, and prior stroke or TIA were found to be significant predictors of events ( Table 3) . Atrial fibrillation pattern remained predictive of stroke risk in a multivariable analysis, with an adjusted HR of 1.83 (95% CI, 1.43-2.35) for permanent vs. paroxysmal AF, and an adjusted HR of 1.44 (95% CI, 1.05-1.98) for persistent vs. paroxysmal AF. Permanent AF pattern was the second strongest predictor of stroke risk in this multivariate analysis, after a history of stroke or TIA (Table 3) . No significant interactions were found between AF pattern and individual CHA 2 DS 2 -VASc risk factors or between AF pattern and CHA 2 DS 2 -VASc score (Table 3) . Similarly, patients enrolling in ACTIVE-A or AVERROES with non-sinus rhythm on their baseline ECG had a HR of 1.83 (1.42-2.36) for stroke or systemic embolism compared with patients with sinus rhythm on their baseline ECG (see Supplementary material online, Table S3 ).
Discussion
Our data, based on non-anticoagulated aspirin-treated patients from the pooled ACTIVE-A and AVERROES studies, show that persistent and permanent AF are associated with an almost two-fold higher rate of stroke or systemic embolism than paroxysmal AF after adjustment for other independent predictors. Results were similar when AF pattern was assessed by baseline rhythm on ECG; stroke rates were about 50% lower when the baseline ECG showed sinus rhythm compared with AF/flutter.
An important question is whether the observed effect is indeed related to the pattern of AF, or is due to confounding factors. Previous studies have pointed out that patients with permanent AF are older and have a higher cardiovascular risk compared with patients with paroxysmal AF. 6, 14, 16, 20, 21 This was confirmed in our study.
Atrial fibrillation pattern thus likely identifies patient groups with different disease state and comorbidities, which in turn may affect atrial mechanical and endothelial function. Nevertheless, we observed the same gradient of increased risk with increased chronicity (paroxysmal -persistent-permanent) independently in the low, moderate, and high risk patient groups, according to CHA 2 DS 2 -VASc scores. Furthermore, after correcting for all CHA 2 DS 2 -VASc risk factors in the multivariable analysis, AF pattern was still the second strongest predictor of risk of stroke or systemic embolism, after a history of stroke or TIA. Various previous studies have reported that AF pattern was either not associated with stroke risk, or have concluded that observed differences in stroke risk are due to associated risk factors such as increased age. 14, 16, 18, 20, 22 In contrast, recent analyses of large contemporary trials have suggested an independently increased stroke risk with non-paroxysmal vs. paroxysmal AF. 17, 23 Despite these conflicting results, there is a wide consensus that treatment decision for stroke prevention should not be influenced by AF pattern. 10 There are several reasons why the findings from the present analysis are credible. Our results are based on data of a large number of exclusively non-anticoagulated patients over a wide range of CHA 2-DS 2 -VASc scores, with very substantial study power due to having more than 500 ischaemic strokes or embolic events during follow-up. All events were independently adjudicated by expert committees, and the same results were consistently seen in each of the ACTIVE-A and AVERROES data sets independently (see Supplementary material online, Tables S4 -S6, and Figure S1 ).
The use of data of a non-anticoagulated group of patients has several advantages. First, although aspirin also offers limited protection against AF-related stroke, event rates in aspirin-treated patients more accurately reflect the true risk in the absence of anticoagulant AF pattern and risk of embolic stroke treatment, allowing to accurately assess the predictive value of a certain factor.
Secondly, anticoagulant therapy may act as a confounder. The ACTIVE-W trial found a trend towards higher stroke rates in permanent compared with paroxysmal AF in non-anticoagulated patients, but not in warfarin-treated patients. 16 Similarly, the data from the Stockholm cohort did not show a significant overall difference in stroke rate according to AF pattern, but indicated a significant 48% increase in stroke in the subgroup of non-anticoagulated patients with permanent compared with paroxysmal AF. 20 This confounding effect of anticoagulants may be due to the efficacy of anticoagulants in preventing stroke, thus reducing power. Recent very large trials in anticoagulated AF patients with larger numbers of events reported lower stroke rates in paroxysmal vs. non-paroxysmal AF patients (SPORTIF, 19 ARISTOTLE, 17, 23 and ENGAGE-AF 22, 30 ). Differential use of anticoagulant treatment may confound the association between AF pattern and risk of stroke in registries. The European Heart Survey showed no significant differences in stroke rate between paroxysmal and permanent AF patients (1.90 vs. 1.60%/ year), 18 but anticoagulant therapy was used in only 50% of paroxysmal AF patients, compared with 71% of permanent AF patients. 18 Although AF has typically been classified according to its pattern, the definitions have changed over time, 31 and a variety of terms have been used for both non-permanent (paroxysmal, intermittent) and permanent (sustained, persistent) AF. Even with the currently accepted definitions of clinical AF patterns, classification can be challenging, especially in patients who present with both short selfterminating AF episodes and longer episodes. We performed a sensitivity analysis using a more objective classification by means of baseline ECG rhythm. Baseline sinus rhythm correlated well with reported non-permanent AF, and about three quarters of patients without sinus rhythm on their baseline ECG where classified as permanent AF. Our main findings did not differ whether the AF pattern was assessed by the investigator or by single baseline ECG.
There is a biological plausibility to the higher stroke risk in patients with permanent AF. Although the mechanisms of thrombus formation in AF patients are not fully understood, stasis of blood in the left atrium and its appendage is thought to play an important role. 32 The electrical resulting mechanical abnormalities are present continuously in patients with permanent AF, but only intermittently in paroxysmal AF patients. Beyond stasis, pathophysiological changes in the atrial wall and endothelium are thought to promote activation of coagulation while impeding protective antithrombotic mechanisms such as nitric oxide. If AF is considered a 'spectrum' of disease, evolving from paroxysmal to permanent AF, these pathophysiological changes are likely to be more pronounced in persistent presentations of the arrhythmia. Indeed, the duration and burden of AF have been shown to be related to structural, functional, and electrical changes in the fibrillating atrium, 33, 34 and levels of biomarkers associated with increased stroke risk in AF are higher in patients with permanent compared with paroxysmal AF. 7,35 -37 Thus, rather than having a causal effect, AF pattern likely acts as a clinical surrogate marker reflecting increasing structural and functional changes which predispose to thrombus formation. This is further illustrated by the finding that progression from paroxysmal to sustained AF increased the risk of adverse cardiovascular events 38 and stroke.
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There are several limitations to the present study. First, AF pattern was assessed once, at baseline. Patients may have progressed from paroxysmal or persistent to permanent AF during the time of the follow-up; however, this would only dilute the findings. The number and duration of episodes of paroxysmal AF were not assessed; hence, our study does not inform on the burden of paroxysmal AF beyond the simple clinical assessment of overall AF pattern. Nevertheless, quantification of AF burden is not available in most patients, whereas assessment of current rhythm is done routinely at each patient visit. Therefore, the finding that clinical AF pattern is associated with stroke risk is complementary to studies reporting the predictive value of AF burden in patients with continuous rhythm monitoring, such as the ASSERT trial. 39 Second, for inclusion in ACTIVE-A and AVERROES, patients were deemed to be 'unsuited' for oral anticoagulant therapy. Although the overall stroke and bleeding risk profiles of these patients were comparable with that in other large double-blind trials of anticoagulants in AF 27, 40, 41 and in a large population registry, 42 this has to be taken into account when generalizing to a broad AF population. Finally, our data set included relatively few patients at very low risk of stroke. There were no patients with a CHA 2 DS 2 -VASc score of 0, and only 10% of the patients had a CHA 2 DS 2 -VASc score of 1. A study by Scardi et al. 15 found that in young AF patients without additional risk factors, yearly stroke rates were 0.36% for paroxysmal, and 1.30% for permanent AF patients over a 10-year follow-up, suggesting that the AF pattern is also linked to stroke risk in low-risk patients.
What are the implications of our findings? Our data show that patients with permanent AF are at a higher risk of stroke compared with patients with non-permanent AF. Although permanent AF increased the risk of embolic events by 50-100% in patients with a CHA 2 DS 2 -VASc score of 2 or greater, patients with paroxysmal AF still had yearly stroke rates of at least 2%. This confirms the recommendations that patients with a high clinical risk of stroke should be anticoagulated regardless of their AF pattern. However, in deciding whether to offer anticoagulation to low-risk patients, where the risk to benefit ratio of anticoagulation is less clear, it may be useful to consider the pattern of AF occurrence, or perhaps more simply, whether the patient is currently in sinus rhythm or not.
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